Mucinous tubular and spindle cell carcinoma of the kidney is an uncommon, distinctive neoplasm characterized by the proliferation of cuboidal and spindle cells arranged in tubular or sheet-like arrays, typically with a mucinous or myxoid background. The most important differential diagnostic consideration of mucinous tubular and spindle cell carcinoma is papillary renal cell carcinoma, type 1, with sarcomatoid transformation. The aim of our study is to investigate the pattern of possible gains or losses of chromosomes 7, 17 and Y in 10 mucinous tubular and spindle cell carcinomas with interphase fluorescence in situ hybridization (FISH). Four-micron sections were obtained from paraffin blocks representative of the tumors and including adjacent non-neoplastic renal parenchyma from 10 patients. The patients' ages ranged from 20 to 80 years (mean: 62 years); eight were female, while two were male. FISH analysis was performed with centromeric probes for chromosomes 7, 17 and Y. One hundred fifty to 200 nuclei from each case were scored for hybridization signals and non-neoplastic parenchyma served as control tissue. We found that renal mucinous tubular and spindle carcinoma lacks the gains of chromosomes 7 and 17 and losses of chromosome Y that are typical of papillary renal cell carcinoma. FISH analysis with centromeric probes for these chromosomes is potentially helpful in differentiating mucinous tubular and spindle cell carcinomas from papillary renal cell carcinomas.
Renal mucinous tubular and spindle cell carcinomas are uncommon, distinctive neoplasms histologically characterized by the proliferation of small cuboidal and spindle cells, arranged in elongated tubules or sheets, typically associated with a mucinous background. 1, 2 Until its recognition as a distinct neoplastic entity by the World Health Organization (WHO) consensus conference, mucinous tubular and spindle cell carcinoma had been previously sporadically reported with a variety of names, usually pointing out the morphologic relationships with the distal nephron and the loop of Henle or highlighting the spindle cell component. [3] [4] [5] [6] [7] [8] [9] [10] [11] Since mucinous tubular and spindle cell carcinomas have generally been described as low-grade and low-stage malignancies, usually cured by surgery, 1, 4, 8, [12] [13] [14] differentiation from other primary malignancies of the kidney is important. The differential diagnosis has to take into consideration primarily papillary renal cell carcinoma, type 1, that may share with mucinous tubular and spindle cell carcinomas several pathologic features, such as tubular, trabecular or papillary architecture, lowgrade or moderate nuclear atypia, and the presence of foamy macrophages and inflammatory cells. 1, 2, 7, 13, [15] [16] [17] [18] Furthermore, the occurrence of sarcomatoid change in papillary renal cell carcinomas enhances the potential for morphologic similarities between these carcinomas. 16, 19, 20 Immunohistochemical analyses of mucinous tubular and spindle cell carcinomas have not identified a consistent expression profile useful in discriminating them from papillary carcinomas, 2, 4, 7, 9, 13, 21 and recent studies have found significant immunophenotypic similarities between these tumors. Both tumors frequently express cytokeratin 7, epithelial membrane antigen, high molecular weight cytokeratin and a-methylacyl-CoA racemase. 22 While genetic abnormalities in papillary renal cell carcinomas have been extensively studied, [23] [24] [25] [26] [27] [28] [29] so far, genetic studies on mucinous tubular and spindle cell carcinomas are few and mainly based on comparative genomic hybridization. 9, 13, 30, 31 Fluorescence in situ hybridization (FISH) has proved useful in distinguishing papillary renal cell carcinoma from metanephric adenoma, with which it may also be confused. 32 Thus, we undertook to perform FISH analyses with centromeric probes for chromosome 7, 17 and Y on paraffin-embedded specimens from a series of mucinous tubular and spindle cell carcinomas to establish possible gains or losses for these chromosomes, and to assess the potential role for FISH in the differential diagnosis of mucinous tubular and spindle cell carcinoma from papillary renal cell carcinoma.
Materials and methods

Specimens
A total of 10 mucinous tubular and spindle cell carcinomas of the kidney were retrieved from the files of the Departments of Pathology of Indiana University Medical School, Indianapolis, USA, and Wellington University Medical School, Wellington, New Zealand.
Tissue Preparations and Fluorescence In Situ Hybridization
Four-micron section, were cut from paraffin blocks representative of the carcinoma proliferation and of the surrounding non-neoplastic renal parenchyma. The slides were deparaffinized with two washes of xylene, 15 min each, and subsequently washed twice with absolute ethanol, 10 min each and then air dried in the hood. Next, the slides were treated with 0.1 mM citric acid (pH 6.0) (Zymed, CA, USA) at 951C for 10 min, rinsed in distilled water for 3 min followed by a wash of 2 Â SSC (standard saline citrate) for 5 min. Digestion of the tissue was performed by applying 0.4 ml of pepsin (5 mg/ml in 0.9% NaCl, pH 1.5) (Sigma, St Louis, MO, USA) at 371C for 40 min. The slides were rinsed with distilled water for 3 min, then washed with 2 Â SSC for 5 min and air dried.
FISH was performed with centromeric a-satellite DNA probes for chromosome 7 (Centromeric Enumeration Probe, CEP 7, Spectrum Green), chromosome 17 (CEP 17, Spectrum Orange) and chromosome Y (CEP 1, Spectrum Green). All the probes were from Vysis (Vysis, Downers Grove, IL, USA) and were diluted with tDenHyb1 (Insitus, Albuquerque, NM, USA) in a ratio of 1:75. Of diluted probe, (5 ml) were applied to each slide in the reduced light condition. The slides were then covered with a 22 Â 22 mm 2 coverslip and sealed with rubber cement. Denaturation was achieved by incubating the slides at 801C for 10 min in a humidified box then hybridized at 371C over night. The cover slip were removed and the slides were washed twice with 451C 0.1 Â SSC/1.5 M urea (20 min for each wash), followed by a wash with 2 Â SSC for 20 min and a wash with 2 Â SSC/ 0.1%NP40 for 10 min at 451C. The slides were further washed with room temperature 2 Â SSC for 5 min. The slides were air dried and counterstained with 10 ml DAPI (Insitus, Albuquerque, NM, USA), covered with coverslips and sealed with nail polish.
The slides were examined using a Zeiss Axioplan 2 microscope (ZEISS, Gö ttingen, Germany) with the following filters: SP-100 DAPI, FITC MF-101 for Spectrum Green (CEP 7 and Y) and Gold 31003 for Spectrum Orange (CEP17) from Chroma (Chroma, Brattleboro, VT, USA). The images were acquired with a CCD camera and analyzed with MetaSystem Isis Software (MetaSystem, Belmont, MA, USA). Five to six sequential focus stacks with 0.4 mm intervals were acquired and then integrated into a single image in order to reduce thickness-related artifacts.
In Situ Hybridization Analysis
The method of analysis was as previously described in detail. 33 In brief, for each slide, from 150 to 250 nuclei were scored for signals from centromeric probes under the fluorescence microscope with Â 1000 magnification in both neoplastic and nonneoplastic areas. Signals from solitary nuclei were counted preferentially, but signals from adjacent, nonoverlapping nuclei were occasionally included in the counts. Two signals of the same size in close proximity, not connected by a link, were counted as two signals. A diffuse signal was regarded as a signal if it was contiguous and within an acceptable boundary. Two small signals connected by a visible link were counted as one signal. Overlapping nuclei and nuclei with uncertain signal were not included in the counts. Definition of chromosomal gain was based on the Gaussian model and based upon the non-neoplastic controls. The cutoff values for recognizing gains or loss of a chromosome were set at the mean values in the control tissue plus three standard deviations (s.d.). Any tumor with percen-tages of signals beyond the cutoff values was considered to have gain or loss of the chromosome.
Results
Clinico-pathologic data are summarized in Table 1 . The patients' ages ranged from 20 to 80 years (mean: 62 years). Eight patients were female while two were male. The tumors varied from 35 to 160 mm in largest diameter. Pathologic stages were pT1a (two tumors), pT1b (five tumors) and pT2 (three tumors).
The For chromosome 7, in mucinous tubular and spindle cell carcinomas (Table 2) , the prevalence of nuclei with two signals was essentially identical to the control in nine out of 10 tumors with results ranging from 60 to 70%. Only one tumor (case 3) showed a lower percentage of 31%. In nine of 10 tumors, nuclei with one signal accounted for percentages ranging from 28 to 36%, while case 3 showed a higher percentage of 69%. Nuclei with three or more signals were observed in percentages ranging from 0.5 to 2%.
For chromosome 17, nuclei with two signals predominated in all tumors, with percentages ranging from 63 to 65%. Nuclei with one signal were observed in percentages ranging from 28 to 36%, whereas nuclei with three or more signals accounted for percentages from 1.4 to 2.3% in all tumors.
Chromosome Y was present in both the two tumors from male patients, with percentages of 81 and 80% (Figure 1 ).
Discussion
In this study, we found that mucinous tubular and spindle cell carcinomas lack the consistent gains of chromosomes 7 and 17 and losses of chromosome Y, that are prevalent in papillary renal cell carcinomas. Genetic studies of mucinous tubular and spindle cell carcinomas are few. Rakozy et al 13 analyzed six tumors from five patients with comparative genomic hybridization techniques and demonstrated multiple genetic abnormalities which included consistent losses of chromosomes 1, 4, 6, 8, 9, 13, 14, 15 and 22 in all cases, and these results were corroborated by LOH analyses in all informative cases. Srigley et al 9 reported in abstract form genetic analyses on 10 cases of mucinous tubular and spindle cell carcinomas that were investigated with both CGH and FISH methodologies. In eight out of 10 cases, frequent losses for chromosomes 1, 4q, 6, 8p, 9p, 11q, 13, 14 and 15, and gains for chromosomes 12q, 16q 17 and 20q were identified by CGH analyses. FISH con- Female  5  31  68  1  33  65  2  Female  6  36  62  2  33  65  2  Female  7  35  64  1  34.7  63  2.3  Female  8  34  64  2  31  67  2  Female  9  36  62  2  33  65  2  Female  10  31  67  2  32  66  2  Female FISH analysis in renal mucinous tubular and spindle carcinoma P Cossu-Rocca et al firmed chromosomal deletions in a subset of tumors, but no deletions for von Hippel Lindau (VHL) gene on chromosome 3p were appreciable. 9 Weber et al performed genetic analysis with CGH on eleven mucinous tubular and spindle cell carcinomas, describing multiple losses of chromosomes 1, 4, 6, 8p, 9p, 13 and 14, while an apparent gain of chromosome 17 was observed in three cases. Subsequently, they evaluated all eleven cases by FISH with centromeric probes to verify gains and losses FISH analysis in renal mucinous tubular and spindle carcinoma P Cossu-Rocca et al for chromosomes 1, 6, 7 and 17, and to identify possible VHL gene alterations on chromosome 3p. FISH analyses confirmed losses of chromosome 1 and 6, but could not confirm chromosomal gains for chromosome 17, as showed by CGH, nor for chromosome 7. Further, no evidence for VHL gene deletions was found. 30 Recently, an additional case of mucinous tubular and spindle cell carcinoma has been investigated by Ferlicot et al with CGH, demonstrating losses of chromosomes 1, 4, 6, 8, 13, 14, 15 and 18. 31 All the studies reported above are in agreement that mucinous tubular and spindle cell carcinomas are prone to multiple losses of different chromosomes, detectable by either CGH or FISH analyses. While no chromosomal abnormalities have been identified in regard to chromosome 7 in any of the previous studies, CGH and FISH have shown contradictory results for chromosome 17. Our findings are in accord with previous FISH-based analyses, since we found no gains of either chromosome 7 or 17 by FISH in any of the 10 mucinous tubular and spindle cell carcinomas. All but one of the tumors showed percentages of nuclei with three or more signals for centromeric probes of chromosomes 7 and 17 which were below the cutoff values; only one tumor had a percentage of nuclei with three or more signals for chromosome 17 matching the cutoff value of 2.3%, while this qualified as a gain, in papillary adenomas, three or more signals were observed in 10-47% of nuclei and in papillary carcinomas in 28-61% of nuclei. 25 We also report loss of chromosome 7 in one tumor. No loss of chromosome Y was found in the two cases from male patients (Figure 1) .
While genetic features of mucinous tubular and spindle cell carcinomas have been studied in only a few reports, the genetic profile of papillary renal cell carcinomas has been assessed in several studies, which found that gains of chromosome 7 and 17 and loss of Y may be considered as a genetic hallmark for these variants. These chromosomal abnormalities occur early in the evolution of papillary renal cell neoplasia and are often associated with further gains of chromosomes 12, 16 and 20. 17, [23] [24] [25] [26] [27] [28] [34] [35] [36] The typical gains of chromosome 7 and 17 and loss of Y in papillary renal cell carcinomas have been observed in several FISH-based studies, and FISH analyses with centromeric probes for chromosomes 7, 17 and Y have been previously proposed to have a potential role in the differential diagnosis of papillary renal cell tumors with metanephric adenomas. 25, 27, 32, 35, 37 Furthermore, recent studies performed with multicolor FISH confirmed the typical chromosomal abnormalities described in papillary renal cell carcinomas and interphase FISH may be considered as a sensitive and specific technique for a rapid and accurate identification of distinctive genetic abnormalities, that are potentially useful in the distinction of the different histotypes of renal cell carcinomas. 38, 39 In conclusion, analysis of chromosomes 7, 17 and Y by FISH with centromeric probes showed that mucinous tubular and spindle cell carcinomas lack the gains of chromosomes 7 and 17 and losses of chromosome Y, that are prevalent in papillary renal cell carcinomas, and may be helpful in the differential diagnosis with classic and sarcomatoid papillary renal cell carcinomas.
